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摘  要 
I 
摘   要 
 








于城市污水和天然淡水中 BOD 的测定，但专门用于海洋污染监测的 BOD 传感器
很少报道。本论文工作利用光纤光化学传感器响应快、检测过程不耗氧和易微型
化等优点，利用实验前期工作构建的 BOD 光化学传感装置，对 BOD 微生物传感
器的核心部件――微生物传感膜的性能进行了实验条件的优化，并在实验室原理

















































Biochemical oxygen demand (BOD) is the amount of oxygen required for the 
bio-oxidation of organic pollutants in a solution. BOD is one of the most widely used 
and important parameter for the estimation of water quality. The authorized method for 
BOD is the BOD5 method, which requires 5 days of tedious procedures and the 
experience and skill to obtain reproducible results. As a result, it is not satisfactory with 
the rapid evaluation for water quality. The development of on-line approaches for BOD 
determination has been becoming attractive. In the past decade, although fiber optical 
chemical sensors for the determination of oxygen have been developed owing to their 
rapid response, without oxygen consuming and difficult to be poisoned, few BOD 
sensors have been applied to detect the BOD of seawater. In this dissertation, an optical 
BOD sensor for the application in seawater was introduced. Based on the BOD device 
set in our laboratory, a portable BOD apparatus was assembled and its characteristics 
were studied. 
This dissertation includes four chapters: 
In chapter I, the principles, developmental routes and the research status of BOD 
sensors were reviewed. 
In chapter II, the experimental conditions for the preparation of the BOD sensing 
film was optimized. A BOD sensing film immobilizing microorganisms from seawater 
was found to be rapid response, excellent stability and good linearity to BOD in 
seawater samples. 
In chapter III, the measurement theory, the structure of a BOD apparatus and its 
manipulation methods were introduced. The assembled BOD apparatus presented a 
good linearity, excellent stability and suitable for BOD determination of the seawater.  
In chapter IV, a new fluorescence indicator, 5,10,15,20-tetrakis (pentafluorophenyl) 
porphyrin, was synthesized and selected for dissolved oxygen determination. In the 
oxygen sensing film, dimethyldimethoxysilane (DiMe-DMOS) and tetramethoxysilane 
(TMOS) was selected as precursor. Furthermore, the characteristics for oxygen sensing 
film, including spectrum properties and response performance, were investigated. 
 






































1.2  BOD的定义及其应用 



















如温度、时间等都将影响 BOD 的测定。 终的 BOD 是指全部的有机物质经生化




    (1) BOD 能表示生活污水和工业废水中有机物质的多少以及确定为达到无机
化而需要的溶解氧量。 
    (2) 由于 BOD 的测定与自然条件下有机物质的氧化分解过程相似，因此在水
体污染控制中，它是确定水体净化能力和限定有机物质排放量的重要指标。 






    (5) 在生化处理构筑物的运转管理和科学研究中，BOD 也是衡量处理效率的
重要指标。 
    (6) BOD 数据还用来作为环境保护和市政设施管理部门对工业废水排人城市
下水道系统和天然水体的收费稽查标准。 
 
1.3  BOD的测定方法 
1.3.1  BOD 的传统测定方法――BOD5 法 
有机物质的生物化学氧化反应，一般分为两个阶段，第一阶段为碳氢化合物

















达到完全稳定状态，在 20 ℃时需 100 天左右，因这一阶段所需时间比较长，除
长期研究工作外，无实际应用价值。1936 年美国公共卫生协会(APHA)将五日生
化需氧量稀释法规定为水和废水的检验方法[4]，从而形成了标准稀释法(BOD5 




1.3.1.1  BOD5测定方法的原理 
BOD5 测定方法采用标准稀释法，用已溶解足够氧气的稀释水，按一定比例
将污水样品稀释后，分装于两个培养瓶中，一瓶当天测定其溶解氧(DO0) 的含量，
另一瓶水样密封后，于 20 ± 1 ℃条件下培养 5 天后，测定其溶解氧(DO5)的含量，
二者之差即为 BOD5 值： 







MnSO4 +2KOH ===Mn (OH)2↓+K2SO4                   (2) 
2Mn (OH)2 + O2 ===2MnO(OH)2↓                 (3) 
MnO (OH)2 + 2H2SO4 === Mn(SO4)2 +4H2O         (4) 
Mn (SO4)2 + 2KI ===MnSO4 +K2SO4 +I2            (5) 
I2 +2Na2S2O3 === Na2S4O6 +2NaI                  (6) 

















BOD5 测定方法的原理为在 20 ± 1 ℃下培养 5 天，某些好气性微生物在有氧
条件下，分解样品中化学性能较稳定的有机化合物，这些有机物经过醇、有机酸













使 BOD 的测定精度更差。 
(2) 重现性差，测定值的波动范围大。由于污水中有机物的结构不同，其生
化降解过程所需时间也就不同，因此用标准稀释法测定污水的 BOD，其重现性较
差，测定值的波动范围大，分析误差可达± 20 %。 
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